Abstarct-The purpose of this study was to investigate the efficiency removal of the antibiotic Tinidazol by hybrid system of ultrasonic/nZVI/H 2 O 2 (US/nZVI/H 2 O 2 ) in aquatic environment. It examined the effect of variables such as concentration of antibiotic, nZVI and H 2 O 2 , frequency of US and pH. Also the performance of system in removal of COD and electrical energy consumed by the ultrasonic bath was investigated. Findings showed the best efficiency (93%) for system in pH 3, concentration hydrogen per oxide of 1M, amount of 0.2 g of zero valent iron nanoparticles and 130 kHz radiation frequency. According to the results US/nZVI/H 2 O 2 method can be good performance in removal of antibiotics Tinidazol and similar pollutants.
INTRODUCTION
Antibiotics are dangerous pollutants in the aquatic environment due to its undesirable effects on aquatic life and humans. The problem may occur due to presence of low concentrations of antibiotics in the environ ment, in developing of antibiotic resistant bacteria [1] . With increasing use of antibiotics in the world, the quality of drinking water for humans is significantly reduced. The majority of these contaminants have low biodegradability [2] and high toxicity [3] , showing mutagenic and carcinogenic characteristics [4] . Tinidazol, a broad spectrum antibiotic, is highly effective against gram positive and gram negative anaerobic pathogens as well as gram positive aerobes and effectively used for the treatment of serious respiratory tract infections, serious skin and soft tissue infections, etc [5] . Different methods are used for wastewater treatment containing pharmaceutical compounds. Among these methods, advanced oxidation process (AOP S ) seems to be more practical than other methods such as activated carbon adsorption, reverse osmosis and air stripping, because these techniques are only transferring pollutants from one phase to another without destroying them. Biolog ical treatment is used for wastewater containing biodegradable substances and non toxic materials [6] . AOP S such as ozonation, UV/H 2 O 2 , UV/O 3 , Fe 2+ /H 2 O 2 and UV/O 3 /H 2 O 2 Widely used to successfully in the deg radation of organic compounds in industrial wastewater and groundwater [7] . Several studies have shown that this technology have good ability to oxidize organic pollutants to carbon dioxide and water [8] . Ultrasonic irradiation causes rapid degradation of chemical contaminants in water that has attracted much attention. Sonication of aqueous solutions motivates the formation and collapse of cavitation bubbles. During the col lapse high temperature and pressure is created that causes the formation of chemical species such as H • , OH • , O
• and H 2 O 2 . This phenomenon with high energy has led to the destruction of organic compounds in aqueous solutions. Degradation process may be carried out by two main mechanisms: direct pyrolysis in and around the collapsing bubbles and oxidation by OH
• radicals [9, 10] . But it should be noted that the complete min eralization of pollutants is not possible by ultrasound alone. Because of the time scale and energy required to disperse is not cost effective economically. Therefore, the ultrasonic process is used more as a preoxidant step before the biological treatment. Organic compounds with large molecules are broken by ultrasonic, and then enter the biological treatment unit. Ultrasound is also used in combination with other technologies to increase the efficiency degradation. It can be noted that a combination of methods including sonochemical, sonopho tochemical and sonoelectrochemical [11, 12] . Iron in recent years zero valent iron nanoparticles have been 1 The text was submitted by the authors in English.
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considered due to high efficiency removal of various contaminants such as heavy metals [13, 14] , chlorinated organic [15, 16] , nitroaromatic compounds [17, 18] , polybrominated diphenyl ethers [19, 20] , nitrates [21, 22] , pesticides [23, 24] , dyes [25, 26] , etc. Because of its small particle size, large specific surface area, high density and great intrinsic reactivity of reactive surface sites, nZVI gets good reliability for use in environment remediation [27, 28] . No much research has been done to remove the antibiotic Tinidazol (TN) in the aquatic environment. In this case can be pointed to a few cases. Anna Zhu et al. were carried out on Tinidazol's sep aration and recovery from Tinidazol fermentation wastewater with nanofiltration (NF) membranes [29] . No study on removal of TN antibiotic in aqueous solution by US/nZVI/H 2 O 2 process has been reported. There fore, it is important to evaluate efficiency of this process in degradation of TN antibiotic in aqueous solutions. Recent study has examined the use of optimal conditions in the US/nZVI/H 2 O 2 process for removal of TN in the aquatic environment.
EXPERIMENTAL

Reagents
Tinidazol powder and methanol (HPLC grade ≥ 99.9 %) was purchased from Sigma Aldrich (St. Louis, MO, USA) and acetone (HPLC grade ≥ 99.98% pure) from Acros Organics Co, Belgium. Sulfuric acid, Sodium hydroxide, Potassium iodide, Sodium thiosulfate and Starch were prepared from CMC (Germany). H 2 O 2 (30% w/w) was obtained from BDH Company and the Whatman filters were taken from Prolabo, France.
Preparation of Zero Iron Nanoparticles
The nZVI used this study was made according to the method described by Wang and Zang [30] . It was based on addition 0,16 M NaBH 4 aqueous solution dropwise under continuous stirring to 0.1 M FeCl 3 . 6H 2 O aque ous solution. The nZVI formed was filtered and in pure water for disperse sonicated.
Examination Methods
In this study Tinidazol as a selected antibiotic, with concentrations of 45; 80 and 100 mg/L, were added to the reactor includes different concentration of Zero valent Iron nanoparticles (0.06, 0.1, 0.2 g/L) and hydro gen peroxide (0.1, 0.5 and 1 M). Initial pH of Tinidazol solution was adjusted using hydrochloric acid and sodium hydroxide and measured (pHS 3B, Shanghai, China). Ultrasound treatments were conducted using ultrasound generator (Elma CD 4820, Germany) with 35 and 130 kHz frequencies and input power 500 W. Then, 5 ml of sample was extracted from the reactor outlet for the analysis of four 30 minute intervals over 150 min. Before injecting the sample into the HPLC, samples were passed through filters with a pore 0.2 microns. Detection of TN was conducted at 338 nm by HPLC. Residual hydrogen peroxide in samples was measured by potassium iodide method.
The results showed that hydrogen peroxide remaining in the sample output was not very impressive. All reactions were done in triplicate and average results were reported in this paper.
Tinidazol Analysis
The most important physical and chemical properties of Tinidazol antibiotic (molecular formula C 8 H 13 N 3 O 4 S; molecular weight-247.28 g/mol; melting point-127.5°C; water solubi-0.008 mol/L) has been shown in Fig. 1 . Different concentrations of the antibiotic Tinidazol were determined by HPLC at a wavelength of 338 nm. The mobile phase was a mixture of 40 and 60% acetonitrile in 10 mM phosphate buffer with pH 7.5. The flow rate was 1.0 mL/min and injection of 20 mL.
RESULTS AND DISCUSSION
Effect of Zero Iron Nanoparticles Concentration
The effect of zero iron nanoparticles concentration on TN removal was investigated. Results showed that with increasing zero iron nanoparticles dosages, removal efficiency increased. The most removal efficiency (43%) was obtained in 0.2 g/L zero iron nanoparticles concentration (Fig. 2) . The cause of this increase can be attributed to increasing of sites for hydrogen peroxide decomposition and production of more reactive oxi dants such as hydroxyl radicals. In other words we can say that with increasing nZVI dosage of the particles total surface area and adsorption increases on active sites [31] [32] [33] . It should be noted that a direct correlation between concentration of nZVI and removal efficiency is to a certain concentration and then there is not increasing, so there is an optimal dose for nZVI [34] . It attributed to the agglomeration of nZVI particles and the scavenging of hydroxyl radicals through undesirable reaction [35] :
Effect of Hydrogen Peroxide Concentration
After determining the optimal concentration of zero valent iron nanoparticles (nZVI = 0.2 g /L, TN = 45 ppm, pH = 7, US = 130 kHz) was examined the effect of hydrogen peroxide concentrations (0.1, 0.5 and 1 M) (Fig. 3) . Result showed with increasing hydrogen peroxide concentration the removal efficiency increased (73%). In advanced oxidation processes, goal is to produce hydroxyl radicals, which is much more hydroxyl radical production increases system efficiency. At higher concentrations of hydrogen peroxide increases production of hydroxyl radicals, this increases the removal of the antibiotic. But be careful that the concentration of hydrogen peroxide is not more than special because it is not seen to increase removal signif icantly. It is due to the scavenging effect of hydroxyl radicals and the inhibition of iron corrosion by hydrogen peroxide [36] .
Since the presence of excess hydrogen peroxide in the environment (surplus to requirements), In chemical reaction of H 2 O 2 radicals with the nanoparticle, hydroxyl ions produced, which is a less active than hydroxyl radicals and reduced the system efficiency [37] . In our experiment, the optimum concentration of hydrogen peroxide was obtained 1 M.
Effect of Initial pH
pH is one of the most important factors that affect the performance of Fenton and Fenton like processes. Studies have shown that acidic pH between 4-3 is the best range of pH for the Fenton reaction. Although some researchers believe the higher pH may also be significant reactivity. But at higher pH and alkaline environ ments H 2 O 2 decomposition reaction is slower and more limited [38] . This is due to its controlling role in the catalytic activity, stability, H 2 O 2 activity and iron species. Also, the oxidation ability of hydroxyl radicals in acidic conditions is stronger [39] . This study examined the effect of initial pH on the removal of TN, by US/H 2 O 2 /nZVI process in three different values of pH (3, 7 and 9) that the results are shown in Fig. 4 . Decreasing pH, had a positive impact on US/H 2 O 2 /nZVI process in removal of TN. So that was observed the highest removal efficiency at pH 3. 
Effect of Different Frequencies
In this section, the effect of different frequencies (35 and 130kHz) power of 500 watts was evaluated by ultrasonic bath without adding nano iron and hydrogen peroxide. The TN removal efficiency decreased with decreasing frequency from 130 kHz to 35 kHz (Fig. 5) . Increasing the ultrasonic power will increase the energy of cavitation, lower the threshold limit of cavitation and enhance the quality of cavitation bubbles [40] .
Therefore at higher frequencies, the reaction rate of hydroxyl radical (production of hydrogen peroxide and decomposition of antibiotics) is higher. The difference decomposition rate between these two frequencies is due to the low efficiency of production of hydroxyl radicals and possible less departure of these radicals from cavitation bubbles into the solution at a frequency of 35 kHz [41] [42] [43] .
In other study Kim and et al similar results in degradation of dibenzo thiophene by ultrasound have been obtained [44] . Therefore, 130 kHz selected as an optimum frequency.
Effect of Tinidazol Initial Concentration
After determining the optimum dosage, frequency, and pH (nZVI = 0.2 g/L, TN= 45 ppm, 1M H 2 O 2 ), the effect of different concentrations of selected antibiotic was studied in three concentrations (45, 80 and 100 ppm). Analysis showed increasing TN concentration in the reactor, removal efficiency decreased (Fig. 6) . The hydroxyl radical production in a fixed condition will remain constant. Thus with increasing amount of the pollutants, because of hydroxyl radical reduction, the TN removal efficiency will decrease [45, 46] .
COD Removal Efficiency
Chemical oxygen demand (COD) was determined according to the Standard Methods [47] . When the sample contained H 2 O 2 , to reduce interference in COD determination pH was adjusted to above 10 to decom pose H 2 O 2 to oxygen and water [48] . As is shown in the Fig. 7 , COD decreased in optimum conditions of the combined systems used in this study. It can be found in similar studies [49] .
Electrical Energy Consumed by the Ultrasonic Bath
The amount of electrical energy (EE) consumed by the ultrasonic bath to selected antibiotic removal cal culated from the following equation [48] .
In which P is the lamp power (kW), t is the reaction time (s), V is the reactor volume (l), C 0 and C are the Tinidazol initial and effluent concentration. Results are given in the table. As the results show, in optimal con ditions, the electrical energy consumption is much less than other test conditions. The results also showed that increasing of hydrogen peroxide concentration can be reducing electrical energy consumption. The signifi cant reduction observed in pH = 3.
CONCLUSIONS
This study is aimed to investigate the antibiotic Tinidazol removal by the hybrid process of US/nZVI/H 2 O 2 under different conditions.
Results showed that the system was most efficient at lower Tinidazol concentrations as a selected antibiotic in acidic conditions and 0.2 g/L concentration of zero iron nanoparticles, 1 M H 2 O 2 and maximum contact time.The results can be shown that each factor involved in the US/nZVI/H 2 O 2 combined process have the important role in the promotion of process. Hydroxyl radicals in this study had a major role in the removal of the antibiotic Tinidazol. Presence of both zero Iron nanoparticles and hydrogen peroxide was critical to for mation of ion exchange and energetic hydroxyl radicals. From this findings can be concluded that US/nZVI/H 2 O 2 combined process is efficient for removing Tinidazol and similar antibiotic.
